Abstract:The aim of this study is to observe the three-dimensional structure of cancellous bone formed around dental implants using micro-CT.Methods: Ti implants (Ti-15%Zr-4%Nb-4%Ta alloy, 2.8mm diameter, 10mm length, machine-polished) were placed in surgically created bone defects in rabbit femurs (New Zealand White Rabbits). The rabbit femurs with the implants were removed 6 weeks after implantation and preserved in formalin. Micro-CT analysis was performed using three types of machine, TOSCANER-31300 mhd ® (Voltage: 80 kV, Current: 120 ìA, Focus size: 45ìm, Toshiba Co., Japan), TDM1000 ® (Voltage: 95 kV, Current: 6 ìA, Focus size: 5 ìm, Yamato Kagaku, Japan) and SkyScan-2011 ® (Voltage: 80 kV, Current: 200 ìA, Focus size: 0.4ìm, Tohken Co., Japan) and data obtained were compared. The best conditions were taken to obtain the best images for each equipment.Results: Critical conditions for micro-CT analyses included: slice pitch, slice thickness, voltage, current and type of equipment. The smaller the slice spacing and the smaller the slice thickness, the clearer the micro-CT images obtained. Many artifacts appeared with TOSCANER-31300 mhd ® , but disappeared with TDM1000 ® . SkyScan-2011 ® provided the most detailed images. Micro-CT made possible quantitative analysis of newly formed bone surrounding the dental implants. Conclusion: Micro-CT analysis is a good non-destructive method to obtain three-dimensional structure of trabecular bone with maximum resolution (10 ìm). Biology 16[2] (2007) p91-93 
Introduction
Micro-computed tomography (micro-CT) is a non-destructive method for analysis bone microstructure 1) . This method provides a three dimensional reconstruction image with the possibility of easily obtaining information on morphology and bone density from the CT-values. Information on bone architecture from micro-CT analysis was shown to be related to the mechanical properties of bone 2) . Development of high-resolution micro-CT has remarkably advanced in recent years. However, artifact images have been observed when micro-CT is used on specimens with metals 3) , as in the case of dentam implants. For this reason, detailed analysis of bone surrounding and/or attached to the implant had not been carried out successfully. The purpose of this study was to compare the images obtained using three types of micro-CT equipment with different optimum scan modes and imaging-processes and determine the most efficient system that will provide images of the implant-bone interface with the highest resolution and reduced metal artifact .
Materials and Methods

Laboratory animals
New Zealand White male rabbits (sixteen weeks old) were used in this study.
Implants
Ti-15%Zr-4%Nb-4%Ta alloy cylindrical implants, 2.8 mm in diameter and 10 mm in length were implanted in the femur and tibia.
Operation
The animal experiment protocol for this study was approved by performed by injection of pentobarbital sodium (Nembutal Ò , Dainippon Pharmaceutical Co., Ltd., Japan) via the auricular vein at a rate of 25 mg/kg. Subsequently, an incision was made in the apophysis on the central side of the femur or the tibia, and the bone surface was exposed. An implantation pit was made in parallel to the long axis of the femur using an engine for implants (Implanter-S ® , Kyocera Co., Japan) at a low rotation rate (gear ratio, 1:16), and an implant was inserted. The rabbits were killed 6 weeks after implantation, and non-demineralized sections were prepared from the bones. For the implant pull-out test, the implant was pulled up in crosshead speed at 0.5mm/min. with a small size desk test machine (EZ Test ® , SHIMADZU Co., Japan) 2) .
Observation by micro-CT: Three types of micro-CT were used in this study: TOSCANER-31300mhd ® (Toshiba Co., Japan), TDM1000 ® (Yamato Kagaku Co., Japan) and SkyScan-2011 ® (Tohken Co., Japan). Image acquisition was performed by the cone beam scan method with the non-helical mode, image acquisition normal to bone long axis. As for the experimental conditions other than these, the best settings were selected for each device (Table I) . CT slice images were then reconfigured for three dimensional images by three-dimensional trabecular structure measurement software (3D BON ® , RATOC System Engineering, Japan) and structure of bone was analyzed.
Results
In the images obtained using TOSCANER-31300mhd ® , structure of the cancellous bone was clearly observed in high definition with maximum resolution of 10µm ( Fig. 1) . However, the implant caused the appearance of artifact images. In the images obtained using TDM1000 ® , artifacts around the implants were considerably reduced by setting the best viewing conditions (Fig.   2 ). Reduction of artifact resulted in a clear discrimination of attached bone from the Ti alloy implant. In images obtained using SkyScan-2011 ® , microstructure of bone trabecula were observed in super high definition with maximum resolution, 150 nm (Fig.   3 ). In this case, the fine structure of the bone surface could also be observed.
Discussion
Micro-CT is a non-destructive analytical method for investigating bone structure 1, [4] [5] [6] [7] [8] . This method, unlike the conventional light microscope method, does not need tedious specimen preparation and specialized skills in microscopy. With recent micro-CT technology, it is possible to reduce the artifact that disturbs accurate observation of the newly formed bone around and/or attached to the implants. In addition, a remarkable improvement of the picture was realized [8] [9] [10] and successful development of 0.4 ìm focus size was obtained using SkyScan-2011 ® . Maximum resolution (150 nm) was obtained by adding more improvements to the detector and the sample stage. The resolution obtained in our study (150 nm) is greater than the higher resolution (200 nm) reported by other studies 10, 11) . Fig. 1 Micro-CT image obtained using TOSCANER ® . Note: bone structure was clearly shown, but artifact image was also present. Bone mass does not always directly equate with bone strength.
Thus, bone mass information must be carefully considered when associating it with bone mechanical properties. The morphological and architectural properties of bone can be obtained from micro-CT analyses.
Conclusions
This study showed that it is possible to get micro-CT images with much higher resolution and reduced metal artifact than has been reported previously. Micro-CT is a useful tool in determining 
